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Abstract 
Atmospheric aerosols were measured at the Observatory of Atmospheric Research, in Phimai, Thailand, during 
2006-2008, which is one of the stations of SKYNET. The major chemical components of aerosols were much higher in 
the dry seasons than in the wet seasons. In fine particles, ammonium sulfate, and elementary and organic carbons were 
major components. Thc concentration ratio of elementary carbon to sulfate in the dry seasons was much higher than that 
at Amami-Oshima in southwest Japan, where the anthropogenic aerosols from fossil-fuel combustion were transported 
from the urban-industrial area of the east coast of China. Single scattering albedo measured by sky radiometer was 
>0.95 in the wet seasons, and much higher than in the dty seasons. According to the MODIS fire maps, many fires 
possibly duc to the biomass burning of agricultural residues were dctected in the dry seasons almost al over Thailand. 
These rcsults clearly indicate that thc aerosols emitted from biomass burning could affect on atmospheric environment, 
and radiation budget in southeast Asia. 
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1. Introduction 
Chemical and optical properties of atmospheric 
aerosols in a regional scale are expected to be much different 
because there are many different sources of aerosols in 
natural and anthropogenic origins. As one of the APEX-E3 
field campaign program, atmospheric aerosols were 
measured at Amami-Oshima (28.44ｰN, 129.70ｰE) located in 
the southwestern part of Japan, in the 2003 spring season1>, 
and chemical characterization of aerosols indicate that 
ammonium sulfate, EC and OC was the major components 
in fine particles (PM25), and soil dusts and sea salt particles 
were dominant in coarse particles. Single scattering albedo 
was estimated independently by chemical composition 
(SSAc) and direct optical measurement (SSAo) at the 
surface (Fig. 1). The SSAc was in a range of0.88-0.97, and 
the SSAo was a litle bit lower than the SSAc, although the 
time series variation was almost similar between SSAc and 
SSAo. 
In contrast, atmospheric aerosols in Southeast Asia are 
frequently affected by the aerosols emitted by biomass 
burning of crop residues and/or forest fires in regional scale. 
It suggests that chemical and optical properties of 
atmospheric aerosols are also different from those at 
Amami-Oshima, in East Asia. The purpose of this study is to 
introduce the preliminaty results from the aerosol 
measurements at Phimai, Thailand, in Southeast Asia. 
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Fig. 1 Methodology to calculate single scatering albedo from chemical 
compositions (SSAc) and optical measurements (SSAo) 
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2.Methods 
Atmospheric aerosols were measured at the Observatory 
of Atmospheric Research (OAR) in Phimai (15.18ｰN, 
102.57ｰ｣), one of the stations of SKYNET, located in 
northeastern Thailand. The first and second sampling period 
was from June 2006 to February 2007, and from July 2007 
to August 2008, respectively. A series of half-day samplings 
in the daytinle. and nigh血nefor three days was made twice 
in almost every month. Atmospheric aerosols were collected 
on the filters of 47 mm indiameter (d) by using multi-nozzle 
cascade impact (MCI) samplers. These samplers were stored 
in a shelter fixed on the roof of the station house, to directly 
collect atmospheric aerosols with no use of any sampling 
tube. The four-size range of atmospheric aerosols was 
d<l.Oｵm, l.Oｵm<d< 2.5ｵm, 2.5ｵm <d< 10ｵm, and 10 
ｵm<d. Chemical analysis was made for OC and EC by 
optical thermal OC/EC analyzer, water soluble ions by IC, 
and trace elements by PIXE. Single scattering albedo was 
analysed by using the original data measured by sky 
radiometer at the OAR. Meteorological data and the 
concentration of atmospheric CO and 03 were also used, 
which were also measured at the OAR. 
The air masses arrived at Phimai was estimated by using 
the backward trajectory analysis of NOAA ARL HYSPLIT 
M0DEL2l (h叩：//v¥l¥Vvv.arl.noaa.gov/rcadv/hysplit4.httnl/). 
Biomass burning over Thailand was estimated by using the 
MODIS fire maps3l (http://mpidfirc.sci,g曲nasa.gov/).
4) Some chemical components of atmospheric aerosols was 
also used, which was measured during August-December 
2002, at the Thana Rata station in Cameron Highlands, 
Peninsular Malaysia, one of the air quality monitoring 
stations by Malaysia Meteorological Department. 
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Fig. 2 A five-day backward trajectory of air masses arived at Phimai by 
NOAAHYSPLITMODEL 
3. Results and Discussion 
It is well known that the wind patterns at the site in 
Thailand are controlled by the Asian monsoon. The surface 
wind direction measured at the OAR in 2007 showed that a 
wet season when the southwesterly wind from the Indian 
Ocean prevailed, finished around on 10 October, 2007. After 
that, the wind direction gradually shifted to east or northeast, 
and a dry season started. The backward trajectoiy analysis 
clearly showed that the air masses arrived at Phimai, were 
transported from the Indian Ocean in the wet season, while 
in the dry season, they were transported from Laos and 
Vietnum/ the East China Sea (Fig. 2). 
3.1. Time series of major chemical components 
Time series of the daily mean EC and OC concentration 
was much higher in the 切 season than in the wet season 
(Fig. 3), and the mean total concentration of OC was 3.5 
times higher than that of EC in al the period. The mean EC 
in p止.s had about 90 and 95 % of the mean total 
concentration in the wet and 由y season, respectively, while 
the mean OC in PM四 hadabout 65 and 80 % of the total in 
the wet and 由y season, respectively. It suggests that the gas 
phase organic carbon might be absorbed in the coarse 
particle in the wet season, or the major sources of EC and 
OC might be different between the wet and 山yseason.
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Fig. 3 Time series of daily mean OC and EC concentrations in PM2s 
at Phimai (July 2007-March 2008) 
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Fig. 5 Scater diagram 
Amami-Oshima, and Thana Rata 
between EC and sulfate at Phimai, 
Fig. 4 Time series of daily mean concentrations of major ions in coarse 
(2.5ｵm <d< 10ｵm) and fine (d<l.O~tm) particles 
(July 2007 -March 2008) 
The scater diagram between OC and EC concentration in 
PM2.s clearly shows a linear relationship with a slope of 3.0 
with no difference between wet and dry seasons, and which 
was a litle bit higher than that measured at Amami-Oshima. 
The major water soluble chemical composition was 
(NH心S04 and Ca(N03)2 in fine and coarse particles, 
respectively, and these concentrations were also much higher 
in the dry season than in the wet season (Fig. 4). In addition, 
the surface CO concentration measured at the OAR, an 
indicator of air pollutants, was much higher in the dry season 
than in the wet season. On the contrary, soil dust particles 
and sea salt particles in coarse particles were much lower in 
the wet and dry seasons, than at Amami in the spring season. 
3.2. Effects ofbiomass burning on the atmospheric aerosols 
A scater diagram between EC and sulfate in PM2.s (Fig. 5) 
showed the three groups; the one was a dataset for the wet 
season (W) and, the other two groups were for the dry 
season (D 1 and D2). The second one (D 1) was in a period of 
October to November 2007, and very similar to the dataset 
measured at Amami-Oshima in the 2003 spring season. For 
the third one (D2) was, however, the slope of a linear 
regression equation between EC and sulfate was much 
higher than that for the second one, and almost equal to that 
measured at Thana Rata in central Peninsular Malaysia 
during July-October 2002. In that period, the polluted air 
masses were transported to Thana Ra姐 froma region where 
biomass burning in central Sumatra, Indonesia was active 
due to the El Nino event. According to the MODIS fire map, 
many fires were detected almost al over Thailand from 
December 2007 to April 2008, although even in the dry 
season, very few fires were observed in the period of D 1 
from October to November 2007. 
These results strongly suggest that the possible major 
source of enhanced aerosols in the D2 period was the 
biomass burning in Southeast Asia including Thailand, while 
the major source in the D 1 period might be the fosil fuel 
combustion. 
3.3. Single scattering albedo over Phimai 
A preliminary analysis from the dataset measured by the 
sky radiometer indicate that a mean single scattering albedo 
(SSA) in the daytime over Phimai was >0.95 in the wet 
season of July and August 2007, when the aerosol 
concentration was very low and many dataset were not 
available for the SSA analysis due to many cloudy or rainy 
days. In contrast, most of the mean SSA in the D2 period of 
January and Februmy was in a range of 0.80-0.90, much 
lower than in the wet season. It suggests that optical 
properties over Phimai might be significantly affected by 
aerosols emitted from biomass burning in southeast Asia. 
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